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(54) Sulfonic acid group-containing polyvinyl alcohol, solid polymer electrolyte, composite 
polymer membrane, method for producing the same and electrode 

(57) Sulfonic acid group-containing polyvinyl alco- 
hol having crosslinked structures, which Is obtained by 
heat treating a mixed solution of polyvinyl alcohol, a sul- 
fonating agent and a crosslinking agent, a composite 
polymer membrane excellent In proton conductivity and 
methanol barrier property, which is obtained by applying 
the mixed solution to a water-absorptive or hydrophllic 
polymer membrane, followed by sulfbnation and 
crosslinking, and an electrode for a fuel cell excellent in 
catalytic activity, which comprises sulfonic acid group- 
containing polyvinyl alcohol having crosslinked struc- 
tures and fine catalyst particles carried on porous parti- 
cles. 
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Description 

F|Fin OF THE INVENTION 

5 [0001] The present invention relates to polyvinyl alcohol having sulfonic add group-containing side chains, a solid 
polymer electrolyte membrane, a composite polymer membrane, a method for producing the same and an electrode. 

RACKGRQUND OF THE INVENTION 

10 [0002] In recent years, fuel cells have occupied an Important position as next generation type clean energy 
sources. Of these fuel cells, a solid polymer electrolyte type fuel cell is one in which both anode and cathode electrodes 
are each ananged across a solid polynner electrolyte membrane intervening therebetween. For example, in the case of 
a direct methanol type fuel cell (hereinafter refen-ed to as a "DMFC") in which methanol is used as a fuel, methanol is 
supplied to the anode side, and oxygen or air to the cathode side, thereby allowing electrochemical reaction to occur to 

15 generate electricity. Solid polymer electrolyte membranes having high proton conductivity have been developed for 
retaining the characteristics of their high output and high energy density, and for obtaining small-sized, lightweight fuel 
cells. The solid polymer electrolyte membrane used in the DMFC is required to have the barrier property to fuel meth- 
anol, that is to say, reduced penneability (cross-over) of fuel methanol from the anode side of the membrane to the cath- 
ode side thereof. 

20 [0003] Previously, hydrated membranes of perfluorosulfonic acid polymers such as Nation (trade name) manufac- 
tured by E, I. du Pont de Nemours and Company) have generally been used as the solid polymer electrolyte mem- 
branes. 

[0004] The above-mentioned hydrated membranes of perfluorosulfonic acid polymers have high proton conductiv- 
ity, and the proton conductivity is exhibited by the generation of a channel structure caused by hydration (conduction of 

25 hydrated protons). That is to say, the conduction of protons tal<es place through water as a medium in the hydrated 
membranes of perfluorosulfonic acid polymers, SO that a specified amount of water exists in the hydrated membranes. 
Accordingly, methanol having high affinity with water easily passes through the membranes, so that the hydrated mem- 
branes of perfluorosulfonic acid polymers have a limitation with regard to the methanol bamer property. 
[0005] As means for reducing the cross-over of methanol through the hydrated membranes of perfluorosulfonic 

30 acid polymers, composites of different Icinds of materials based on the perfluorosulfonic acid polymer membranes may 
be mentioned. However, the above-mentioned composites have significantly lower proton conductivity than the essen- 
tial one of the hydrated membranes of perfluorosulfonic acid polymers. 

[0006] The materials to be used with the above-mentioned perfluorosulfonic acid polymer membranes include pol- 
yvinyl alcohol (hereinafter also referred to as "RVA") represented by the following general formula (I): 

35 



40 




45 [0007] Crosslin ked PVA can be used as water/alcohol separation membranes in prevaporation [Ji-Won Rhimet et 
al., Journal of Applied Polymer Science. 68, 1717 (1998)]. 

[0008] However, PVA is significantly low in proton conductivity, so that composite polymer membranes obtained by 
using the perfluorosulfonic acid polymer membranes and PVA are substantially decreased in performance (proton con- 
ductivity) required for the solid polymer electrolyte membranes. As a consequence, the composite polymer membranes 
50 of the perfluorosulfonic acid polymer membranes and PVA have been difficult to be utilized as the solid polymer elec- 
trolyte membranes. 

[0009] Further, as an electrode used in a solid polymer electrolyte type fuel cell, a so-called MEA (membrane elec- 
trode assembly) is Icnown. In the MEA, electrodes are formed of fine catalyst particles prepared by allowing carbon to 
support a noble metal, a solid polymer electrolyte component formed on surfaces of the fine catalyst particles, and a 
55 fluorine resin for adhering the fine catalyst particles to one another The electrodes are each arranged on two main 
planes of a solid polymer electrolyte membrane, thereby constituting apart of a fuel cell (Japanese Unexamined Patent 
Publication No. 5-3641 8). Then, the development of solid polymer electrolyte components fonned on the surfaces of the 
fine catalyst particles for electrodes has been desired. 
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SUMMARY OF THE INVENITON 

[0010] The present invention has been made against a background of the current problems of the solid polymer 
electrolyte materials as described above. 
5 [001 1] An object of the invention is to provide polyvinyl alcohol having sulfonic acid group-containing side chains. 
[001 2] Another object of the invention is to provide a solid polymer electrolyte. 

[001 3] Still another object of the invention is to provide a composite polymer membrane excellent in proton conduc- 
tivity and methanol barrier property. 

[001 4] A further object of the invention is to provide a method for producing the same. 

10 [001 5] A still further object of the invention is to provide an electrode excellent in catalytic activity. 

[0016] The present inventors have conducted intensive investigation for attaining the above-mentioned objects. As 
a result, the inventors have discovered that the characteristics of a solid polymer electrolyte having proton conductivity 
can be imparted to PVA by introducing side chains having sulfonic acid groups and crosslinked structures into PVA, and 
further that a composite polymer membrane excellent in proton conductivity and methanol barrier property is obtained 

15 by applying PVA, a sulfonating agent and a crosslinklng agent solution to a water-absorptive or hydrophilic polymer 
membrane, followed by sulfonation and crosslinking to produce the composite polymer membrane, thus completing the 
invention. 

[0017] The inventors have further discovered that polyvinyl alcohol having sulfonic acid group-containing side 
chains and crosslinked structures is suitable for a solid polymer electrolyte formed on the surfaces of fine catalyst par- 
20 tides carried on porous particles for an electrode, thus completing the invention. 

[0018] The invention provides PVA having sulfonic acid group-containing side chains and crosslinked structures. 
[0019] in the above-mentioned sulfonic acid group-containing polyvinyl abohol, the sulfonic acid group-containing 
side chains and the crosslinked structures are preferably bonded to a main chain of polyvinyl alcohol by COO and/or 
OCO bonds. 

25 [0020] The invention further provides a solid polymer electrolyte comprising the above-mentioned sulfonic acid 
group-containing polyvinyl alcohol. 

[0021] It is prefen-ed that the above-mentioned solid polymer electrolyte has water absorption. 
[0022] Still further, the invention provides a composite polymer membrane in which the sulfonic acid group-contain- 
ing polyvinyl alcohol described in any one of the above is formed on a surface of a water-absorptive or hydrophilic pol- 
30 ymer membrane. 

[0023] Yet still further, the invention provides a method for producing the composite polymer membrane described 
above, which comprises applying a solution of PVA, a sulfonating agent and a crosslinking agent to a water-absorptive 
or hydrophilic polymer membrane, followed by sulfonation and crosslinking. 

[0024] Furthemnore, the invention provides an electrode comprising the solid polymer electrolyte described above 
35 and fine catalyst partk^les carried on porous partteles. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] The PVA of the invention having sulfonic acid group-containing side chains and crosslinked structures can 
40 be obtained by sulfonating commercially available PVA with a sulfonating agent. 

[0026] The weight average molecular weight (Mw) of PVA used is preferably from 1 0,000 to 1 ,000,000, more pref- 
erably from 50,000 to 500,000, and particularly preferably from 89,000 to 98,000. 

[0027] The number of carbon atoms of the sulfonic acid group^containing side chain is preferably from 1 to 1 0, more 
preferably from 1 to 5, and particularly preferably from 1 to 3, when it is aliphatic. The sulfonic acid group-containing 
45 side chains may contain aromatic rings. 

[0028] The sulfonic acid group-containing side chains are preferably bonded to a main chain of PVA by COO and/or 
OCO bonds. 

[0029] The tenn "COO and/or OCO bond" as used herein means an ester bond in which oxygen of the OH group 
of the main chain of PVA is combined with CO of the COOH group of the sulfonating agent. 
50 [0030] For bonding the sulfonic acid group-containing side chains to the main chain of PVA by COO and/or OCO 
bonds, a sulfonating agent having a COOH group at its terminal end is preferably used. 

[0031 ] The sulfonating agents used in the invention include, for example, sulfoacetic acid represented by the follow- 
ing chemical formula (II) and 4-sutfophthalic acid. 

55 HOOC-CH2-SO3H (II) 

Prefen-ed is sulfoacetic acid. 

[0032] In mixing the sulfonating agent, the sulfonating agent is added to an aqueous solution In which PVA is homo- 
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geneously dissolved, followed by stirring. As water used for the aqueous solution, deionized water or distilled water can 
appropriately be used. The concentration of the aqueous solution of PVA is preferably from 1% to 50% by weight, more 
preferably from 5% to 30% by weight, and particularly preferably about 10% by weight. The amount of the sulfonating 
agent used Is preferably from 1 to 20 mole percent, more preferably from 1 to 1 0 mole percent, and particularly prefer- 
5 ably from 1 to 5 mole percent, based on the OH groups of PVA. The stirring temperature is preferably from 0°C to 
100°C, and more preferably from 0°C to 50®C. The stirring time is preferably from 1 to 24 hours, and more preferably 
from 6 to 12 hours. 

[0033] For the preparation of the PVA of the invention having sulfonic acid group-containing side chains and 
crosslinked structures, a crosslinking agent is added together with the sulfonating agent to the aqueous solution in 
10 which PVA is homogeneously dissolved. The number of carbon atoms of the crosslinked structure is preferably from 1 
to 1 0, more preferably from 1 to 6, and particularly preferably from 2 to 4. when it is aliphatic. The crosslinked structures 
may contain aromatic rings. 

[0034] The crosslinked structures are preferably bonded to a main chain of PVA by COO and/or OCO bonds. 
[0035] The term "COO and/or OCO bond" as used herein means an ester bond in which oxygen of the OH group 
15 of the main chain of PVA is combined with CO of the COOH group of the crosslinking agent. 

[0036] For bonding the crosslinked structures to the main chain of PVA by COO and/or OCO bonds, a crosslinking 
agent having two or more COOH groups at its terminal ends is preferably used. 

[0037] The crosslinking agents include sulfosuccnic acid represented by the following chemical formula (III), 4-sul- 
fophthalic acid and poly(acryllc acid). 



Preferred is sulfosuccinic add. 

[0038] The amount of the crosslinking agent used is preferably from 1 to 50 mole percent, more preferably from 1 
30 to 20 mole percent, and particularly preferably from 3 to 1 0 mole percent, based on the OH groups of PVA. Less than 
1 mole percent makes the crosslinked membrane material water-soluble, whereas exceeding 50 mole percent causes 
the crosslinked membrane material to become brittle, resulting in easy occurrence of cracking. 

[0039] For the preparation of the PVA of the invention, the sulfonating agent and the crosslinking agent are added 
to the aqueous solution of PVA, followed by stirring to prepare a cast solution. The temperature in vacuum evaporation 
35 is preferably from O^C to 200''C, and more preferably from 25*'C to 1 00°C. The PVA concentration of the cast solution 
is preferably from 1% to 50% by weight, more preferably from 5% to 30% by weight, and particularly preferably about 
1 0% by weight. 

[0040] The cast solution is cast on a glass plate, and water is evaporated, followed by vacuum evaporation. The 
cast solution can be cast by using a doctor blade or the like. Water is evaporated on a hot plate or in a vacuum drying 

40 oven by heating. The heating temperature is preferably from 0°C to 1 00°C, and more preferably about 80''C. The tem- 
perature in the vacuum drying is preferably from 0°C to 150°C, and more preferably from 25*^0 to lOO^'C. 
[0041] For conducting the sulfonation and the crosslinking treatment, the resulting membrane is heat treated pref- 
erably at SO^'C to 200°C, more preferably at 1 00°C to 1 50°C, particularly preferably at about 1 20*^0, preferably for 5 min- 
utes to 12 hours, more preferably for 30 minutes to 6 hours, particularly preferably for about 1 hour. When the heat 

45 treatment temperature is less than SCC, the sulfonation and the degree of crosslinking become insufficient. On the 
other hand, when it exceeds 200^0, deterioration of the membrane material is liable to occur. When the heat treatment 
time is less than 5 minutes, the sulfonation and the degree of crosslinking become insufficient. On the other hand, when 
it exceeds 12 hours, deterioration of the membrane material is liable to occur. 

[0042] One example of the structure of the crosslinked structure-containing sulfonated PVA of the invention 
50 obtained by applying the sulfonating agent and the crosslinking agent to PVA is represented by the following general 
formula (IV): 



HOOC-CH2-CH-COOH 



(III) 



25 



SO3H 



55 
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[0043] The crosslinked structure-containing sulfonated PVA membrane obtained in the abovennentioned prepara- 
tion is hydrated, and can be used as the solid polymer electrolyte membrane. The thiclcness of the solid polymer elec- 
trolyte membrane is preferably from 10 to 200 jim, and more preferably from 30 to 150 ^im. 

30 [0044] The composite polymer membrane comprising the sulfonic acid group-containing polyvinyl alcohol of the 
invention and the water-absorptive or hydrophilic polymer is obtained by applying the above-mentioned cast solution 
onto the water-absorptive or hydrophilic polymer membrane, vacuum drying the membrane coated with the cast solu- 
tion preferably at 0°C to 150°C, more preferably at about 80**C. and further heat treating it f or sulfonation and crosslink- 
ing in a manner similar to the above. 

35 [0045] The water-absorptive or hydrophilic polymers used in the invention include sulfonic acid group-containing 
water-absorptive polymers such as perfluorosulfonic acid polymers and sulfonated polyether ether ketone (PEEK). The 
perfluorosulfonic acid polymers include Nafion 112 (trade name) and Nafion 117 (trade name) manufactured by E. I. du 
Pont de Nemours and Company, and Flemion (trade name) manufactured by Asahi Glass Co.. Ltd. Preferred are Nafion 
112 and Nafion 117. The above-mentioned sulfonic acid group-containing water-absorptive polymers such as the per- 

40 fluorosulfonic acid polymers and sulfonated polyether ether ketone (PEEK) show proton conductivity by hydration. 
[0046] The thickness of the water-absorptive or hydrophilic polymer membrane (hereinafter refen-ed to as a "Nafion 
membrane") used in the production of the composite polymer membrane of the invention is from 1 0 to 200 ^m, and pref- 
erably from 30 to 1 00 \ijn. 

[0047] It is prefen-ed that pretreatment is conducted to the above-mentioned Nafion membrane before applteation 
45 of the cast solution. 

[0048] In the pretreatment, the Nafion membrane is washed with deionlzed water, boiled in a 1 .0 to 1 0.0 wt%, pref- 
erably about 3 wt% aqueous solution of hydrogen peroxide for 15 minutes to 6 hours, preferably for about 1 hour, boiled 
in deionized water for 15 minutes to 6 hours, preferably for about 1 hour, boiled in a 0.1 to 5 moles/liter, preferably about 
0.5 mole/liter aqueous solution of sulfuric acid for 15 minutes to 6 hours, preferably for about 1 hour, and finally boiled 

so in deionized water for 1 5 minutes to 6 hours, preferably for about 1 hour. This pretreatment gives the effect of removing 
organic Impurities and metallic ions contained in the Nafion membrane and activating the sulfonic acid groups. 
[0049] The PVA concentration of the cast solution applied herein is lower than that of the above-mentioned cast 
solution used for obtaining the PVA membrane by casting it on the glass plate, and evaporating water. The concentra- 
tion is preferably from 1 % to 1 5% by weight, more preferably from 1 % to 1 0% by weight, and particularly preferably from 

55 3% to 5% by weight. The amounts of the sulfonating agent and the crosslinking agent, based on the OH groups of PVA, 
are similar to those of the above-mentioned cast solution. 

[0050] The application of the cast solution onto the Nafion membrane is carried out with a doctor blade, a spray or 
a brush. The cast solution may be applied onto either one side or both sides of the Nafion membrane. Vacuum drying, 
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heat treatment and after treatment after coating are similar to those in the preparation of the above-mentioned PVA 
membrane. 

[0051] The thickness of the PVA layer of the resulting composite polymer membrane is preferably 100 ^m or less, 
and more preferably 30 fim or less. 
5 [0052] Using as samples the membranes allowed to stand in deionized water at room temperature for 24 hours to 
equilibrate them, the proton conductivity of the single membranes or composite polymer membranes of PVA of the 
invention Is measured as follows. 

[0053] High frequency impedance measurements are made with an impedance analyzer "YHP 4192A" manufac- 
tured by YOKOGAWA-HEWLETT PACKARD, LTD. at room temperature at 750 mV, using four terminals or two temrii- 
10 nais. The direct current component R is read from Cole-Cole plots, and the proton conductivity can be calculated 
therefrom. 

[0054] The composite membranes of the invention show excellent proton conductivity, similarly to previously known 
Nafion membranes. 

[0055] The single membranes or composite polymer membranes of PVA of the invention can be comprised in the 

15 solid polymer electrolyte membranes used in fuel cells, particularly in DMFCs. 

[0056] The methanol barrier property of the solid polymer electrolyte membrane Is measured in the following man- 
ner. The solid polymer electrolyte membrane having an area of 9 cm^ is incorporated into a fuel cell to partition the cell 
into an anode chamber and a cathode chamber, and the cell is sealed. Keeping the cell temperature at 70°C, a 1 M 
aqueous solution of methanol pressurized to 0.5 kgf/cm^ is supplied into the anode chamber at 0.5 ml/minute. Dry air 

20 is allowed to flow in the cathode chamber on the opposite side through an inlet at ordinary pressure, and a membrane- 
permeated material is collected with a cold trap of liquid nitrogen from a gas exhausted through an outlet The perme- 
ation amount of methanol (g/cm^) is calculated from the weight of the collected material (membrane-permeated mate- 
rial) and the composition determined by gas chromatographic analysis, which Is employed as evaluation results of 
methanol permeability. 

25 [0057] The permeation rate of methanol of the solid polymer electrolyte hydrated membranes of the invention is far 
lower than that of the conventional Nafion hydrated membranes, so that the membranes of the invention are excellent 
in methanol barrier property. 

[0058] The sulfonated and crossllnked PVA (solid polymer electrolyte) of the invention can also be mixed with fine 
catalyst particles carried on the porous particles to use the resulting products as electrodes of fuel cells. 
30 [0059] The electrodes of fuel cells usually include ones obtained by directly applying electrode paste comprising 
the fine catalyst particles can-led on the porous particles and an alcohol solution of the solid polymer electrolyte which 
is an ion conductive component, onto a gaseous diffusion electrode base material, and removing the solvent. The elec- 
trode paste can also be directly applied onto the solid polymer electrolyte membranes. 

[0060] The raw materials for the fine catalyst particles include platinum and an alloy of platinum and at least one 
35 selected from the group consisting of chromium, titanium and tungsten, and platinum is preferred. 

[0061] The fine catalyst particles are used in the state that they are carried on the porous particles. As the porous 
particles, highly structured carison particles having large average specific surface area, which are produced by the 
Ketjen process or the acetylene process, are suitably used. 

[0062] The fine catalyst particles carried on the porous particles Include a platinum catalyst earned on carbon, 
40 which is prepared by allowing carbon to support 1 0% to 30% by weight of platinum by a conventional method. 

[0063] Methods for mixing the PVA of the invention with the fine catalyst particles carried on the porous particles 
(hereinafter refen-ed to as a "platinum catalyst carried on carbon") include, for example, a method of mixing the above- 
mentioned cast solution with the platinum catalyst can'ied on carbon to form electrode paste to be applied onto the gas- 
eous diffusion electrode base material. The heat treatments for sulfonation and crosslinking can be appropriately con- 
45 ducted in any process steps. 

[0064] The electrode paste obtained by mixing the PVA of the invention with the platinum catalyst carried on carbon 
is applied onto the gaseous diffusion electrode base material, and dried to produce a catalyst electrode. 
[0065] Further, the methods for mixing the PVA of the invention with the platinum catalysts carried on cartDon also 
include a method of mixing the PVA of the invention and the platinum catalyst can-ied on carbon with a solvent to form 
50 electrode paste. For example, the PVA of the invention obtained by casting is pulverized, and mixed with the platinum 
catalyst carried on carbon; 

[0066] As the solvents used in mixing the above-mentioned PVA with the platinum catalyst can-ied on carbon by 
stin-ing, any solvents can be used as long as they disperse the porous particles well and do not deteriorate the functions 
of the solid polymer electrolyte membranes. For example, ethylene glycol and a 50/50% (by volume) mixture of ethylene 
55 glycol monoisopropyl ether and isopropanol are suitably used. Further, solvents unreactive to oxygen such as water, 
ketones and esters can be added to and mixed with them to such a degree that rheological characteristics such as the 
kinematic viscosity of the electrode paste for formation of electrode catalyst layers are not impaired. 
[0067] The order of mixing the PVA powder, the platinum catalyst earned on carbon and the solvent may be any. 
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and can be appropriatety selected. The resulting electrode paste is applied onto the gaseous diffusion electrode base 
materials by conventional procedures. 

[0068] Here, the gaseous diffusion electrode base materials are so-called electron conductive supports, which 
include, for example, carbon paper and carbon cloth. In particular, the carbon paper is a porous base material, and par- 

5 ticularly has many pores (voids) because it Is produced by the papeimaking method. 

[0089] The gaseous diffusion electrode base materials and/or solid polymer electrolyte membranes can be coated 
with the electrode paste by the conventional kiss coat method, doctor blade method and screen printing method. The 
thickness of coating layers can be changed by adjusting the clearance of screen printing or a doctor blade. Although the 
thickness varies with the amounts of the platinum catalyst earned on carbon and the PVA constituting the electrode 

10 paste, it is usually within the range of 50 to 250 nm in the wet state. When the thickness Is less than 50 jim, there is a 
fear of the insufficient catalyst amount. On the other hand, exceeding 250 ^im results in the possibility of the surface 
state of a catalyst layer formed by drying and desolvation becoming unstable. 

[0070] The electrode paste layers applied and fixed onto the gaseous diffusion electrode base materials are heated 
and dried in an inert gas atmosphere to remove the organic solvents contained in the paste, thereby fbmning the cata- 
75 lyst layers comprising the platinum catalysts carried on carbon and the PVA on the gaseous diffusion electrode base 
materials. 

[0071] In this case, nitrogen or argon can be suitably used as the inert gas. First, alcohol components are removed 
at 50°C to 80°C at ordinary pressure, and then, organic solvents such as ethylene glycol can be removed by heating at 
the same temperature under reduced pressure. 

20 [0072] The catalyst layers formed on the gaseous diffusion electrode base materials, which are obtained according . 
to the above-mentioned steps, can be attached to the solid polymer electrolyte membranes by themiocompression 
bonding. The attachment can be suitably carried out at a temperature of 80*C to 200*^C, preferably 120*»C to 1 50°C, at 
a pressure of 20 to 200 kg/cm^ by hot pressing. Under the conditions of a temperature of less than 80^C and a pressure 
of less than 200 kg/cm^, the attachment is insufficient. On the other hand, under the conditions of a temperature 

25 exceeding 200°C and a pressure exceeding 200 kg/cm^, there is a fear of decomposition of the PVA. Although the hot 
pressing time varies with the attachment temperature and pressure, it is usually from 30 to 120 seconds. A hot pressing 
time of less than 30 seconds results in a fear of insufficient attachment, whereas exceeding 120 seconds results In a 
fear of decomposition of the PVA, or deterioration or defomnation of the gaseous diffusion electrode base materials 
and/or the solid polymer electrolyte membranes. 

30 [0073] In the above-mentioned steps, the heat treatments for sulfonation and crosslinking at the time when the cast 
solutions are used can be appropriately conducted in any process steps. The conditions of the heat treatments for sul- 
fonation and crosslinking are similar to those described above. 

[0074] In the above-mentioned steps, fluorine resin (polytetrafluoroethylene resin) solutions and thickening agents 
ordinarily used as electrode constituting material components can be safely mixed, in addition to the platinum catalysts 

35 can-ied on cariaon, the PVA and the solvents. 

[0075] In the electrode catalysts In which surfaces of the fine catalyst particles are covered with the PVA of the 
invention, hydrated PVA shows excellent proton conductivity, so that the catalysts are excellent in catalytic activity. Fur- 
ther, the covering of the surfaces of the fine catalyst particles with the PVA shows the effect of preventing the catalysts 
from being poisoned without a decrease in catalytic activity. The amount of PVA that has covered the catalyst particles 

40 can be evaluated by measuring the amount of carbon monoxide (CO) absorbed. 

[0076] The solid polymer electrolytes of the invention are excellent in proton conductivity and methanol barrier 
property, so that they are very useful as solid polymer electrolyte membrane materials for fuel cells, particularly for liquid 
supply type DMFCs. Further, the electrodes containing solid polymer electrolytes of the invention and the fine catalyst 
particles carried on the porous particles are high in activity, so that they are very useful as electrodes of fuel cells. 

45 [0077] The present invention will be illustrated with reference to examples in more details below, but these exam- 
ples are not intended to limit the scope of the present invention. Parts and percentages in the examples and compara- 
tive examples are on a weight basis, unless otherwise specified. Various evaluations were conducted as follows. 

Proton Conductivitv 

50 

[0078] A membrane allowed to stand in deionized water at room temperature for 24 hours to equilibrate it was used 
as a sample for proton conductivity measurements. High frequency impedance measurements were made with an 
impedance analyzer "YHP 4192A" manufactured by YOKOGAWA-HEWLETT PACKARD. LTD. at room temperature at 
750 mV, using two tenminals. The direct cun^ent component R was read from Cole-Cole plots, and the proton conduc- 
55 tivity (S/cm) was calculated therefrom. 
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Methanol Barrier Property 

[0079] A solid polymer electrolyte membrane having an area of 9 cm^ was incorporated into a fuel cell to partition 
the cell into an anode chamber and a cathode chamber, and the cell Is sealed. Keeping the cell temperature at 70**C, a 

5 1 M aqueous solution of methanol pressurized to 0.5 kgf/cm^ was supplied into the anode chamber at 0.5 ml/rninute. 
Dry air was allowed to flow in the cathode chamber on the opposite side through an inlet at ordinary pressure, and a 
membrane-permeated material is collected with a cold trap of liquid nitrogen from a gas exhausted through an outlet. 
The pemneation rate of methanol (g/cm^) was calculated from the weight of the collected material and the composition 
determined by gas chromatographic analysis, which was employed as evaluation results of the methanol barrier prop- 

10 erty. 

EXAMPLES 1 TO 6 

[0080] Three grams of PVA (Mw = 89,000 to 98,000) manufactured by Aldrich Chemical Co. Inc. was added to 30 
15 ml of deionized water, and homogeneously dissolved by stimng at 90*^0 for 6 hours. After cooling to room temperature, 
sulfosuccinic acid manufactured by Aldrich Chemical Co., Inc. as a crosslinking agent and sulfoacetic acid as a sulfonat- 
ing agent were added in amounts shown in Table 1 , followed by stirring overnight at room temperature to obtain cast 
solutions. In Table 1 , the amount of the crosslinking agent is indicated in mole percent based on the whole OH groups 
in PVA, and the amount of the sulfonating agent is indicated in mole percent based on OH groups not crosslinked by 
20 the crosslinking agent, of the whole OH groups in PVA. 

[0081] The cast solutions were each poured on glass plates, and cast with a doctor blade, followed by evaporation 
of water on a hot plate at 80°C. Further, vacuum drying was canned out at 80**C for 6 hours to obtain PVA membranes. 
The resulting PVA membranes were heal treated at 120°C for 1 hour to conduct sulfonation and crosslinking. The PVA 
membranes thus obtained had a thickness of 30 to 120 \im. Results of evaluations for the resulting membranes are 
25 shown in Table 1. 

EXAMPLES 7 TO 9 

[0082] Nafion 1 1 2 membranes (each having a thickness of 50 \im) manufactured by E. I. du Pont de Nemours and 
30 Company were washed with deionized water, boiled in a 3% aqueous solution of hydrogen peroxide for 1 hour, boiled 
in deionized water for 1 hour, boiled in a 0.5 mole/liter aqueous solution of sulfuric acid for 1 hour, and finally boiled in 
deionized water for 1 hour. The treated membranes were allowed to stand in deionized water at room temperature for 
24 hours. 

[0083] A cast solution was prepared in the same manner as with Examples 1 to 6 with the exception that the 
35 amount of the crosslinking agent and the amount of the sulfonating agent were changed as shown in Table 1 . The cast 
solution was applied onto surfaces of the Nafion membranes treated as described above with a doctor blade, and vac- 
uum dried at 80**C for 1 hour, followed by heat treatment at 120**C for 1 hour to conduct sulfonation and cross linking. 
The composite PVA polymer membranes thus obtained had a thickness of 60 to 1 00 pm. Results of evaluations for the 
resulting composite polymer membranes are shown in Table 1 . 

40 

COMPARATIVE EXAMPLE 1 

[0084] A Single membrane of Nafion 1 12 manufactured by E. I. du Pont de Nemours and Company was evaluated. 
Results thereof are shown in Table 1 . 

45 

COMPARATIVE EXAMPLE 2 

[0085] A PVA membrane (having a thickness of 50 ^im) was prepared in the same manner as with Examples 1 to 
6 with the exception that the sulfonating agent was not used. Results thereof are shown in Table 1 . The structure of the 
50 crosslinked structure-containing PVA membrane obtained using no sulfonating agent is represented by the following 
general fomiula (V): 
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TABLE 1 





Compounding Amount of Cast Solution 


PVA Membrane or Composite Mem- 
brane 




Water (ml) 


Crosslinking 
Agent mol%*^ 


Sulfonating Agent 
Mol%*2 


Proton Conductiv- 
ity (S/cm) 


Permeation Rate of 
MeOH 
(g/min • cm2) 


Example 1 


30 


3 


1 


9.6X10"^ 




Example 2 


30 


3 


3 


1.7X10-2 




Example 3 


30 


3 


5 


2.2X10"^ 




Example 4 


30 


5 


1 


2.3X10-3 




Example 5 


30 


5 


3 


4.4X10-3 




Example 6 


30 


5 


5 


4.4X10-3 




Example 7 


30 


0,5 


0.5 


9.4X10-3 


1.5X10-^ 


Example 8 


30 


1.2 


1.2 


1.1X10-2 


1.6X1 0-"* 


Example 9 


30 


2.5 


2.5 


1.3X10-2 


1.5X10-^ 


Comparative 
Example 1 








1.2X10-2 


1.7X10*3 


Comparative 
Example 2 








3.0X10-3 


1.1X10"^ 



40 



45 



50 



*^ : The amount of the crosslinking agent is indicated in mole percent based on the whole OH groups in PVA. 

*2: The amount of the sulfonating agent Is indicated in mole percent based on OH groups not crosslinked by the crosslinking 

agent, of the whole OH groups in PVA. 



[0086] The results of Table 1 reveals that the sulfonated crosslinked PVA membranes of Examples 1 to 6 are excel- 
lent in proton conductivity, compared with the crosslinked PVA membrane of Comparative Example 2. The composite 
polymer membranes of Examples 7 to 9 have proton conductivity equal to that of the Nafion membrane of Comparative 
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Example 1 , and are excellent in nnethanol barrier property, connpared with the Nation membrane. 
[0087] The composite polymer membranes of the invention are excellent in proton conductivity and methanol bar- 
rier property, and useful as solid polymer electrolyte membranes for fuel cells, particularly for DMFCs. 
[0088] The PVA of the invention having sulfonic acid group-containing side chains and crosslinked structures, and 
5 the electrodes containing the platinum catalysts can-ied on carbon are suitable as electrodes for fuel cells. 

Claims 

1. Sulfonic acid group-containing polyvinyl alcohol having sulfonic acid group-containing side chains and crosslinked 
10 structures. 

2. The sulfonic acid group-containing polyvinyl alcohol according to claim 1 , wherein the sulfonic acid group-contain- 
ing side chains and the crosslinked structures are bonded to a main chain of polyvinyl alcohol by COO and/or OCO 
bonds. 

15 

3. A solid polymer electrolyte comprising the sulfonic acid group-containing polyvinyl alcohol according to claim 1 or 2. 

4. The solid polymer electrolyte according to claim 3, which has water absorption. 

20 S. A composite polymer membrane in which a membrane of the sulfonic acid group-containing polyvinyl alcohol 
according to claim 1 or 2 is formed on a surface of a water-absorptive or hydrophilic polymer membrane. 

6. A method for producing the composite polymer membrane according to claim 5, which comprises applying a solu- 
tion of polyvinyl alcohol, a sulfonating agent and a crosslinking agent to a water-absorptive or hydrophilic polymer 

25 membrane, followed by sulfonation and crosslinking. 

7. An electrode comprising the solid polymer electrolyte according to claim 3 or 4 and fine catalyst particles carried 
on porous particles. 

30 
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40 



45 



50 
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